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ABSTRACT 

The m i n i m u m  AV r equ i r ed  t o  provide  f o r  safe e a r t h  
e n t r y  t o  an u n s p e c i f i e d  landing  a r e a  from r e l a x e d  free r e t u r n  
t r a j e c t o r y  p r o f i l e s  i s  determined. The cases cons idered  a r e  
f e a s i b l e  J - type  miss ions  t o  Copernicus,  Marius H i l l s  and 
Hadley du r ing  t h e  t i m e  frame 8/71 - 10/71.  R e s u l t s  are pre-  
s e n t e d  fo r  both nominal and 30 d i s p e r s e d  T L I .  

Using a p re l imina ry  estimate f o r  SM/RCS AV a v a i l a b l e ,  
it w a s  found t h a t  f o r  t h e  wors t  nominal case observed,  t h e  
SM/RCS has  t h e  c a p a b i l i t y  t o  perform t h e  abort  maneuver up t o  
35 hours  a f te r  T L I  i n  t h e  normal CSM + LM c o n f i g u r a t i o n .  I n  
t h e  even t  of CSM s e p a r a t i o n  f a i l u r e  from t h e  S- IVB,  SM/RCS 
a b o r t s  would be  p o s s i b l e  up t o  16.5 hours  a f t e r  T L I  f o r  t h i s  
same case. 

v 

For t h e  same worst case and a 3 a ' d i s p e r s e d  T L I ,  t h e  
SM/RCS provides  abort c a p a b i l i t y  up t o  8 hours  a f t e r  T L I  f o r  
t h e  CSM + LM c o n f i g u r a t i o n .  With t h e  S-IVB attached t h e  
SM/RCS a lone  can provide  t h e  a b o r t  c a p a b i l i t y  for only  
2.5 hours  a f t e r  T L I .  However, by us ing  t h e  SM/RCS i n  con- 
j u n c t i o n  w i t h  AV sources from s-IVB systems,  a b o r t  capa- 
b i l i t y  can be provided up to  1 0  hours .  

The e f f e c t  of launch azimuth v a r i a t i o n s  on abort  AV 
r e q u i r e d  i s  shown t o  be r e l a t i v e l y  s m a l l .  

(NASA-CR-133924) P R E L I H I W B R Y  EVALUATION OF 
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SUBJECT: Pre l imina ry  Evalua t ion  of SM/RCS DATE: September 30,  1 9 7 0  
C a p a b i l i t y  t o  Abort t o  E a r t h  En t ry  
from t h e  Relaxed Free Return FROM: R.  J.  S t e r n  
P r o f i l e  - Case 310 

MEMORANDUM FOR FILE 

I n t r o d u c t i o n  

For t h e  r e l axed  f r e e  r e t u r n  t r a j e c t o r y  p r o f i l e ,  t h e  
s p a c e c r a f t  i s  i n j e c t e d  d i r e c t l y  i n t o  a 60  n a u t i c a l  m i l e  p e r i l u n e  
a l t i t u d e  non-f ree- re turn  t r a n s l u n a r  t r a j e c t o r y .  A l l  such t ra -  
jectories are designed t o  s a t i s f y  a DPS a b o r t  c o n s t r a i n t ,  i . e .  
i n  t h e  e v e n t  of complete Se rv ice  P ropu l s ion  System (SPS) f a i l u r e  
a t  l u n a r  o r b i t  i n s e r t i o n ,  t h e  Lunar Module Descent P ropu l s ion  (DPS) 
has  t h e  c a p a b i l i t y  t o  r e t u r n  t h e  s p a c e c r a f t  t o  a safe e a r t h  
e n t r y .  F a i l u r e  of t h e  CSM t o  s e p a r a t e  f r o m  t h e  S- IVB f o r  t r a n s -  
p o s i t i o n  and docking could r e s u l t  i n  a time-critical abort  maneu- 
v e r ,  s i n c e  t h e  SM/RCS must provide t h e  a b o r t  AV. Therefore, it is  
d e s i r a b l e  t o  d e t e r m i n e  t h e  AV requi rements  p l a c i n g  t h e  space-  
c r a f t  on a free r e t u r n  t r a j e c t o r y  r e l a t i v e l y  soon a f t e r  t r a n s -  
l u n a r  i n j e c t i o n  ( T L I ) .  

The minimum abort  AV r e q u i r e d  t o  provide  a s a f e  e n t r y  
(unspec i f i ed  landing  area) f r o m  v a r i o u s  p o i n t s  a long  t h e  nominal 
non-free r e t u r n  t r a j e c t o r y  w a s  determined f o r  sample t r a j e c t o r i e s  
t o  p o s s i b l e  si tes for  t h e  f irst  J mis s ion ,  Marius H i l l s ,  Hadley 
and Copernicus.  An estimate of t h e  3a abort  AV requi rements  f o r  
a d i s p e r s e d  T L I  i s  a l s o  p re sen ted .  A l l  nominal trajectories 
s a t i s f y  a DPS a b o r t  c o n s t r a i n t ,  have sun e l e v a t i o n  a n g l e s  (SEA)  
a t  l u n a r  landing  between 5-14 degrees  and w e r e  t a r g e t e d  us ing  a 
66-hour l u n a r  s u r f a c e  s t ay t ime  and 36 r e v o l u t i o n s  i n  o r b i t  between 
LM a s c e n t  and t r a n s e a r t h  i n j e c t i o n .  

E s t i m a t e  of Abort AV Avai lab le  

T h e  t r a n s l a t i o n a l  AV a v a i l a b l e  fo r  t h e  abort  maneuver 
w a s  estimated fo r  two s p a c e c r a f t  c o n f i g u r a t i o n s .  The f i r s t  con- 
f i g u r a t i o n ,  o r  mode, c o n s i s t s  of t h e  CSM and LM a f t e r  normal 
t r a n s p o s i t i o n ,  docking, and s e p a r a t i o n  from t h e  S-IVB.  I n  t h i s  
mode t h e  AV a v a i l a b l e  from t h e  SM/RCS i s  estimated. For t h e  
second mode it i s  assumed t h a t  CSM s e p a r a t i o n  from t h e  S-IVB i s  
n o t  p o s s i b l e  and t h e  c o n f i g u r a t i o n  c o n s i s t s  of t h e  S- IVB,  CSM 
and LM. For t h i s  mode the  a v a i l a b l e  SM/RCS AV i s  a l so  estimated. 
Add i t iona l  AV c a p a b i l i t y  is a v a i l a b l e  i n  t h i s  c o n f i g u r a t i o n  from 
s e v e r a l  S-IVB systems up t o  1 0  hours* a f t e r  T L I  (Reference 1). 
Weights f o r  t h e  Mode I and I1 c o n f i g u r a t i o n s  w e r e  t aken  a t  
103,000 and 145,000 lbs r e s p e c t i v e l y .  

*Li fe t ime of S-IVB b a t t e r i e s .  
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The maximum SM/RCS AV w a s  e s t i m a t e d  assuming 1 2 2 0  l b s  
of u s a b l e  p r o p e l l a n t  (Reference 2 ) .  T h i s  w a s  conver ted  i n t o  
t r a n s l a t i o n a l  AV c a p a b i l i t y  us ing  convers ion  factors of 1 1 . 7  
l b s / f p s  (Mode I)  and 1 6 . 6  l b s / fps  (Mode 11). These f a c t o r s  w e r e  
e x t r a p o l a t e d  from t h e  data of Reference 3 fo r  PGNCS f o u r  j e t  + x 
( a f t - f i r i n g )  t r a n s l a t i o n s .  The r e s u l t s  are p resen ted  i n  Table I. 
From t h e  maximum v a l u e ,  a l lo tmen t s  w e r e  made f o r  a t t i t u d e  c o n t r o l  
and midcourse c o r r e c t i o n s .  An estimate of t h e  SM/RCS p r o p e l l a n t  
r e q u i r e d  f o r  a t t i t u d e  c o n t r o l  i n  t h e  Mode I c o n f i g u r a t i o n  w a s  
made us ing  t h e  d a t a  of Reference 2 .  T h i s  estimate inc luded  a l l o t -  
ments f o r  t r a n s p o s i t i o n ,  docking, LM e j e c t i o n ,  p a s s i v e  thermal  
c o n t r o l  (PTC) and a t t i t u d e  maneuvers f o r  t h e  a b o r t  maneuver, f o u r  
midcourse c o r r e c t i o n s ,  and o r i e n t a t i o n  t o  s e p a r a t i o n  a t t i t u d e  
p r i o r  t o  e n t r y .  For t h e  second mode, SM/RCS p r o p e l l a n t  r e q u i r e -  
ments f o r  t r a n s p o s i t i o n ,  docking and LM e j e c t i o n  w e r e  excluded 
and p r o p e l l a n t  requirements  for  o t h e r  a t t i t u d e  maneuvers w e r e  
s c a l e d  i n  accordance w i t h  t h e  d i f f e r i n g  moments of i n e r t i a  f o r  
t h e  t w o  c o n f i g u r a t i o n s .  Moment of i n e r t i a  data was ob ta ined  from 
References 4 and 5. For t h e  h i g h e r  moments of i n e r t i a  of  t h e  
Mode I1 c o n f i g u r a t i o n ,  the r e q u i r e d  a t t i t u d e  changes a t  t h e  s a m e  
ra te  used f o r  Mode I (.2 deg/sec) would r e s u l t  i n  a h igh  SM/RCS 
p r o p e l l a n t  consumption. Therefore  fo r  Mode I1 t h e  a t t i t u d e  
maneuver ra te  f o r  a l l  a t t i t u d e  changes* excep t  t h a t  r e q u i r e d  f o r  
t h e  a b o r t  maneuver w a s  assumed t o  be .05  deg/sec.** A d d i t i o n a l  
SM/RCS p r o p e l l a n t  s av ings  might a l s o  be a v a i l a b l e  through t h e  
use  of s i n g l e  j e t  f i r i n g ,  s i n c e  one j e t  w i l l  be  more e f f e c t i v e  
i n  a c c e l e r a t i n g  t h e  s p a c e c r a f t  c o n f i g u r a t i o n  about  t h e  p i t c h  
and yaw d i r e c t i o n s  than  another .  The r easons  are t h a t  
t h e  p o s i t i o n  of t h e  C.G. along t h e  r o l l  (x )  a x i s  i s  n o t  a t  t h e  
SM/RCS loca t ion  and t h a t  t h e  SM/RCS jets a r e  i n c l i n e d  a t  approxi-  
mately 1 0  degrees  t o  t h e  x-ax is .  S u b t r a c t i n g  t h e  a l l o t m e n t  f o r  
a t t i t u d e  c o n t r o l  and 15 ft/sec fo r  midcourse c o r r e c t i o n s  r e s u l t e d  
i n  a SM/RCS AV abort  c a p a b i l i t y  of 76.7 f t /sec f o r  Mode I and 
4 9 . 1  f t /sec f o r  Mode 11. The a l l o t m e n t s  fo r  a t t i t u d e  c o n t r o l  
p re sen ted  here are pre l iminary  estimates; a c t u a l  requi rements  
should  be determined f r o m  a mis s ion  s p e c i f i c  consummables s tudy .  

I t  should  be noted a t  t h i s  p o i n t  t h a t  cont inuous engine  
burn d u r a t i o n  f o r  SM/RCS a f t - f i r i n g  eng ines  should n o t  exceed 
750 seconds on any one engine (Reference 3,  paragraph 3.3.1.4) .  
V i o l a t i o n  of t h i s  c o n s t r a i n t  causes  damage t o  s e r v i c e  module 
i n s u l a t i o n  and r e s u l t s  i n  service module SPS and RCS t ank  t e m -  
p e r a t u r e  i n c r e a s e s .  A t  an average  p r o p e l l a n t  f l o w r a t e  of 

*The r o l l  r a t e  of . 3  deg/sec i n  PTC w a s  main ta ined .  

**Discre te  maneuver rates of .05, . 2 ,  .5,  and 2 .0  
degrees  p e r  second may be s e l e c t e d  through t h e  DSKY u s i n g  t h e  
PGNCS. 
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1 . 3  l b s / s e c  f o r  PGNCS f o u r  j e t  + x t r a n s l a t i o n s  (Reference 3 ) ,  
t h i s  c o n s t r a i n t  i n d i c a t e d  t h a t  n o t  more than  975.0 l b s  of pro- 
p e l l a n t  o r  80% of t h e  usable  p r o p e l l a n t  should  be  consumed f o r  
a s i n g l e  cont inuous burn.  T h i s  pe rcen tage  i s  n o t  exceeded by 
t h e  SM/RCS a b o r t  AV allotments i n  Table  I .  

R e s u l t s  f o r  Nominal T L I  

R e s u l t s  f o r  a nominal  T L I  are i l l u s t r a t e d  i n  F igu res  
1-6 where t h e  minimum a b o r t  AV i s  p r e s e n t e d  as a f u n c t i o n  of 
t i m e  from T L I .  A l s o  p resented  i n  F igu res  1-6 i s  t h e  e s t i m a t e d  
SM/RCS AV a v a i l a b l e  f o r  t h e  a b o r t  maneuver. T i m e s  from t w o  t o  
t h i r t y  hours  w e r e  considered.  F igu res  1-3 c o n t a i n  t h e  a b o r t  AV 
r e q u i r e d  from nominal t r a j e c t o r i e s  which w e r e  SPS f u e l  opt imized 
wi th  r e s p e c t  t o  t r a n s l u n a r  t r a j e c t o r y  energy w i t h i n  t h e  l i m i t s  
imposed by t h e  5-14 degrees  sun e l e v a t i o n  c o n s t r a i n t .  The high-  
e s t  a b o r t  AV occur s  f o r  a mission t o  Copernicus (8/27/71) as a 
r e s u l t  of t h e  long  t r a n s l u n a r  f l i g h t  t i m e  f o r  t h a t  t r a j e c t o r y .  

The e f f e c t  o f  launch azimuth v a r i a t i o n s  on a b o r t  AV 
i s  i l l u s t r a t e d  i n  F igure  4-6 f o r  sample miss ions  t o  Copernicus 
(8/27/71) ,  Marius H i l l s  (8/29/71),  and Hadley (8/24/71).  For  
F igu res  4-6 t h e  sun e l e v a t i o n  a t  l and ing  w a s  c o n s t r a i n e d  a t  
1 0  degrees  and t h e  launch azimuth v a r i e d  from 72-96 degrees .  
The v a r i a t i o n s  i n  launch azimuth have r e l a t i v e l y  s m a l l  e f f e c t  
on, a b o r t  AV due t o  t h e  s m a l l  v a r i a t i o n s  i n  t r a j e c t o r y  energy 
and t r a n s l u n a r  f l i g h t  t i m e .  The e f f e c t  of l a r g e r  v a r i a t i o n s  
i n  t r a n s l u n a r  f l i g h t  t i m e s  may be seen  from a comparison of  
t h e  a b o r t  AV f o r  t h e  Copernicus miss ion  launched on 8/27/71 
w i t h  launch azimuth = 72' and SEA = 1 4 '  (F igu re  1) wi th  t h e  
a b o r t  AV f o r  t h e  same mission wi th  SEA = 10' (F igu re  4 ) .  The 
t r a n s l u n a r  f l i g h t  t i m e s  f o r  t h e s e  cases are 89.9 and 8 2 . 4  hours  
r e s p e c t i v e l y .  

R e s u l t s  f o r  Dispersed T L I  

The a b o r t  AV requi red  i n  t h e  presence  of T L I  d i s p e r -  
s i o n s  i s  p resen ted  i n  Figures  7-9 f o r  t h e  SPS opt imized August 
miss ion  o p p o r t u n i t i e s .  Three-sigma (3a )  d i s p e r s i o n s  a r e  approxi-  
mated by a t 1 0  f t / s e c  v a r i a t i o n  i n  T L I  v e l o c i t y  (Reference 6 ) .  
These r e s u l t s  i n d i c a t e  t h a t  f o r  t h e  w o r s t  case (Copernicus) 
t h e  SM/RCS can p rov ide  3a a b o r t  c a p a b i l i t y  up t o  e i g h t  hours  
a f t e r  T L I  f o r  t h e  CSM + LM c o n f i g u r a t i o n .  With t h e  S-IVB 
a t t a c h e d  t h e  SM/RCS a lone  could provide  3a a b o r t  c a p a b i l i t y  f o r  
on ly  2.5 hours  a f t e r  T L I .  However, w i th  t h e  use  of t h e  S-IVB 
AV sources ,  3 0  c a p a b i l i t y  is  a v a i l a b l e  up t o  t e n  hours  a f t e r  T L I .  

Summary 

Using pre l iminary  e s t i m a t e s  f o r  SM/RCS p r o p e l l a n t  
a v a i l a b l e  f o r  an a b o r t  maneuver t h e  c a p a b i l i t y  of a b o r t i n g  from 
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t h e  r e l a x e d  free r e t u r n  p r o f i l e  f o r  sample mis s ions  t o  Copernicus,  
Marius H i l l s  and Hadley w a s  i n v e s t i g a t e d  f o r  t h e  t i m e  p e r i o d  
8/71 - 10/71. For t h e  h i g h e s t  observed a b o r t  AV case it w a s  
shown t h a t  three-sigma a b o r t  c a p a b i l i t y  i s  a v a i l a b l e  up t o  e i g h t  
hours  a f te r  TLI  i n  t h e  normal CSM + LM c o n f i g u r a t i o n .  I n  t h e  
e v e n t  of S-IVB s e p a r a t i o n  f a i l u r e  three-sigma abort  c a p a b i l i t y  
i s  a v a i l a b l e  up t o  t e n  hours  a f t e r  T L I  by u t i l i z i n g  S-IVB AV 
sources  i n  a d d i t i o n  t o  t he  SM/RCS. The e f f e c t  o f  launch azimuth 
on a b o r t  AV i s  r e l a t i v e l y  smal l .  

2013-RJS-slr 

Attachments 

R.  J. S t e r n  



TABLE I 

ABORT AV AVAILABLE ( f t / s e c )  

Maximum SM/RCS AV 

AV Ava i l ab le  from S-IVB 
Systems up t o  1 0  h r s .  
p o s t  TLI. (LOX DUMP, 
APS, LH2 VENT) 

Allotment  f o r  
A t t i t u d e  Control 

A l l o t m e n t  f o r  Midcourse 
Cor rec t ions  

AV Ava i l ab le  f o r  Abort  

MODE I 
(CSM + LM) 

104.2 f t / s e c  (1220) * 

---- 

12.5 ft/sec (146) 

15.0 f t / s e c  

~~ 

76.7  f t / s e c  

~~ ~ 

MODE I1 
(CSM + LM + S-IVB) 

73.2 f t / s e c  (1220) 

4 6 . 0  f t / s e c  

9.1 f t / s e c  (151) 

15.0 f t / s e c  

95.1 f t/sec i n c l u d i n g  
S-IVB Systems 

49.1 f t / s e c  SM/RCS 
o n l y  

*Numbers i n  p a r e n t h e s i s  denote  pounds of SM/RCS p r o p e l l a n t .  
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